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(54) [jfcWic?>£;ft] 0ftK^l!«5fi«6 



(57) 

[JBfc¥S3 S . P. V , N i *J:tfCu*4WKtt* 
{&< U C r iMo(OMM. Cr : 10. 5-3 5 
%. Mo : 0. 5-5%T?\ froi2 96£Cr + 3Mo 



(2) 
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ftttttlfl cc * > * u - * % u a 5 r hub l fc ffiii <*k . * 

S : 0. 0 0 5%fcTF. 
V : 0. 2 9*fclT. 
Cu : 0. 2%«T. 
Mo : 0-6%. 
SrS-flU *o (C r +3Mo) #1 0. 5-4 3%0 10 

[M*J|2 1^7^ h3fiX^>U*8Mi<DS i te«fctf 
Mntf, Sii^O. 3%OT, Mn#0. 

C : 0. 0 1 8%«T\ N : 0. 0 1 8%«T. *>oC 

i N©£«-£Wfi#. o.o25 %jyrr* umm i 
$ /ctt 2 mmcMtmfr+mmmm* 20 

[M#S4] 7*^4 hSXf-VUXJW*. TiiNb 

©i«*fctt2«*#sb*c*$»}, Ti*>\ ss%r 

0. 2%feTFr. ^06 (C°/o+N°/o) - 2 5 (C% + 
NK) ©KB. fc^tfNbtfO. 3%«Tt. ^6C 
%-2 5C%©fflSltyc&&i9#Jg J *>6 3©C*rtl3^ 

[0 0 0 1] 

imnwrntzimmf] com&t. mmmmmp 

[0 00 2 ] 

iili-c 1 0 0 o°c. SiRKn%3SjlKf4«ttr 6 5 0 °c. 

V8 QVX'&Z, 

1 0 0 0 a ] mitmmn^mmmt. 0 



2 0 0 0-294256 



P : 0. 0 2 5%WT. 
N i : 0. 2%fcTF. 
C r : 10. 5-3 5%. 
#±JBtc*: 0-0. 1% 

[0005] ±ie©s«o«t4«ifttt. rj8t4««j £ 
s 5 £»©nwk tw «ftr 1 » s t ©© , * ft **!©«* 

MMt X&6 0 ffiffl 3 ft S ®J?ft *c J: § ttJdttff4©jR&: 
©W*a 3 8 0 °Ctti52»6^Sft Ute«e>&X&ttJt<D« 
ft. «BH©»«f<t»«fU. tt*cMWWR:J:>]««)6 

nstttt. f^cBtti^, tft^ft©awwii-c*< 
»&sfc«&-ca*. mm, m^hx^^umm^x 

[0006] isfflftsftri^ »; >»s«t4«tt, sua 

KK«IUBH«tt<cttn S ftr c» £tt*4£ . Hf**»^ 

[ 0 0 0 7 ] a i «. mimft+mmnmmw&zm 

tmr\ HI (a) tt. fiStMfife-bJl (#-fe;l/) ©5tft? 
0. HI (b> tt»t4«*±*©t1ftHr*5. [Since 

mectt^ssBi (t-/- K) 3^. ffe®cc«i$(tS"im 
^Si (*y-K) 4^siB^ftr*>o, *©wb«H2/< 
u-^5a, 5 b^ft*a6ftfc1fS«:<co"Cii«S. 
[0 00 8 ] fmw^@f*sa^«?HK2 1 ortt, 

[0 00 9] jKf4«fiM3 *5j:^aSftS«jm^4 Ktt. 

^s^: s 7 v mmsfr *>uz> wkb**»w 6 ftr 

[0010] -b^U-^S aCCSW6ftri^at»6 a 

«SH«ffiR3«C*IR^flt|ft5ftS D -fe^*U-5r5 
b(C»^6ftr<r^i*W6 b^6tt35a©cfc ^&»fttt 
^B*J«3n, M**«flttt3ftS. Cft6^©«*& 
cc J: l J *K(t*5i£*54 0 rffl:^«^^*1'5c 
[0 0 l l ] -ry-KM: Hi -> 21-r f 2e 
*y-K«|: (V2)0,+ 2H+2e" -» M 2 0 
H»*»+S»f*«a!!'b^ U- ^*c**6>ft*«M6«. 
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3 

B" itr«, ( 2 ) *y- KBlr4«0fc**. i 

4i4(ca¥»«£:«^{cSfffl5-&S "ABB" £Gr©li 
ft. <3) fiB#racc*>feor*ffiiorfi*.sittta. a 
^tt*lif#*&¥fc;Mffl©*5UB "n***" iir 
©(Bit te-fctf (4 ) B0fe^HzJbr-:£©-fe;i/©7y 
-KS£Bft**fcJU©/ry-F££© "BIS" ilt 
©Bttft£-e*S. 

[0012] cft*r. */<u-*t*t*4Lr*-#> 

S(c**fcafr©BtiaailI:3 x h fe £tf #a jfcBfl£ist©fc 
fe©ffl«JDX=ix h##SKS< ftfcfflB****. 

^tiOTgAW&war*o , «»«*©»«*!:*©*>© 

[0013] a-tfV©*?*. SSfc^ltjaflDXi&tt 

he f 1 5 1\ 6 ccm r> r c 1 *©#3WKr* £ . 
[ 0 0 1 4 1 c o btcm^mnommomi^m 

[0015] 1 0-22 8 9 1 4^S«Ktf . & 

HSSSftfr 6 ft 0 . *<im?tom®£ ©JSSMBK 

sus3 0 4^8nt^. c ©*»?«. 
^u-*«&a&r>$a*ft3tirt»£©r, -b/^i/-^ 

<fc*«£©«M^;WSTl/. ■fe^'l/"-dr^6««^<0 

[0016] «ww8 - 1 8 0 8 8 3#&«cc«, mm 
icmm n z>T-mmm&*mc <t 0 «»(c s n £ £ 

KtttW* 6 ft 5 -fe ' < u - * # Jfl c > 6 ft x 1 » S H*S-»^ 

MR%X 

S : 0. 0 0 5%WT. 

v : 0. 2%ar. 

C u : 0. 2%UT. 
Mo : 0-6%. 
mjo(Cr+3Mo)^10. 5-4 3%© 

IK** < 2 ) 7x7^f h**f->U*»ti©S i 50 
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-1 

: ft r « WSES-fe ^ r £/# <* * te * > f 1 2 ft 6 « 

[0017] UfrLfttffc. ±B©&BS«ecB^3ti 
r 1 > &Kffii fc x ?■ > u * B© <fc 5 ft & 

BW*4**©*«^u~*khh*t:4>. »fttt*J+# 
■Cft<4K©»a^fiC0, Sffl&B-f 9 fflft 

ttWttis^ft (WT, fflJ*w»©»*4iE-r) 

*fc. »Uttfc£jSJt*SCr4H Fe-0H© J: 9 ftjBfi*JSj 
«tc J: 9 , -b / < u - 31 ©JSJWSjK*«itfll-r S i t o MiB 
&$>2><DX\ ^BWW^ftS-fe^^U-fKtt. 
£ gfl-S L /c^^ ^ » ag© H£ H o * 3^* 3 ti r S 

©^3itt-e*6 0 

tt. affloAi4coiis^**(cr¥r. xmfbcc^^ 

4'ac»««CC*-5. 

[00 19] ■feM-U- j7<tUT, SffiftSliteS^ffi^ 

ft^ rafflr*. «*«*r©«»(3ittcciB 

iKI4m?iii©^nXh^gCC(STL, @f*S 

f>T-M^Hm*©fSfflft. fflastt^WRF-c* *• 

[0 0 2 0] 

ftaffl4fiffl*»T£**sft < . jfiai&B -f * >K <fc ^> § 

sftSJ#Mi«©«s* J flg«e)r^ft< , ^^^-fe^cc 

J: *«ft £ ©S*WmJfiK©*9»Dfc J: <>'^».«S«©^ 
f fcK J: 6 SMigtt©ii»^^>ft t * * r > u ^ mo* U 

- ^ m*. tcm&nmwmmmmi&m *>ctic& 

-So 

[0 02 1] 

[*B*wft-r*fc«&©*&] *«w©et«. ot© 

iiOr** 0 

[0022] ( 1 ) m&nft+nmmmztp&fc oxm 
m . *a*(Sia cc-ts ^ u - ^ s vx mm l tcmm 

HB©(b^ffl^WT ^7.70lXr>b xfS^6 ft 
[0023] 

P : 0. 0 2 5%WT. 
N i : 0. 2%UT\ 
C r : 1 0. 5-3 5%. 
^±MkM : 0-0. 1 % 

fcJz^Mn^. ffiS%r-. SiS^O. 3%WT, Mn 

^0. 4%«Tt?*S±K < I ) sau©H<*K#^a« 



(4) 
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[0 02 4 ] (3) 7i7>f h&X?->UX§g*<DC*5 
ACKNfi**, lI 0 /ot. C : 0. 0 1 8%WT. N : 
0. 0 18%WT\ ^oCiNQ^It^fi^. 0. 0 

2 5KttTtN&*±e ( t > ttat < 2 > nm<r>mft& 

[0 02 5 ] (4)7x7n^f>bXl^. Ti 
±Nb<Dl«$fctt28£^0T:teD, Ti^. fifi 
%T'0. 2%&TT\ ^06 (C%+N%) -2 5 (C 
%+N%) <E>3M. WO'Nb^O. 3«UTr, 10 
6C%-2 5 C%©ffiHl*J K*a±IE < 1 ) frh < 3 ) 

[0 02 6] ft*>\ •fe^U-^ittl?a5Lfc4o©«Sfe 
£*j***>G>ra*. Tftfc^. a ) BH4Silr. KS*4 
^WWSBt^W'iltiDSfe b) 

mmti^tc**<)Tti?,ttb icnm&Kc mm® uj 
[o 027] *i«i§s6tt. ^f>i/x»6^^^ 

A^SttJf -f * > *: nUMcR 0 (SIT ^a?:@ 30 

a ) -fe A U - $ ftmfrhZ P H ifi 1 ^ 3 OS*S < feTF. 

*0<^'*u~*£«*iiiSr*5. 
[0 02 8 ] b> fe^U-*»Wr. 7*5 4 K^xr 

^O^ffi^G^o 40 

[0 02 9 ] c) ftH^SUTSi. KAStitSft (Fe 

r k em^jcK^^ti hmmm^wm r#f t-r *. 

tic. m<< *> (7*P h» 7 

t a 

[0 030) d > ^KCWgffl^WJt-r-S/ca&Ktt. V x 
70far>l/XiW«»n, S, P. V. 
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[oo3i] e ) ^fmrnz^micLTb. ^m?m 

[ 0 0 3 2 ] f ) 7ftStft&£J9 < T h C 4 & < &HtC 

or. ^ u - » W»rft«©SHJ*»Wl- £ fc&te 

ti. C r <bMo©SWfi« (C r %+3xMo%) #l 
2-4 3%ORHrtiC^4J:^CC-r^**^-5, 

[0033] g) tmmcMo*mmtz>ctx\ ma 
mmmztizfr, uo^motctuxh. t^f 
-b~mcmmhXi,>ZMm®&ffefc*ttZ> 

[0 03 4] 

/ >• u - * © f m&z mje o tc m a * # g < mm t % m 

[0 0 3 5 ] S : ffitpOSm*. 0. 0 0 5%&LT£t 

SSCCtc^r, Mn^Skfttt. CrSIWba. Fe.^i 
it*. Ti*«ib». Cti^iOa^KftafcitfMfttt 
4 ©«^r#*BH^a» 4 u x « <b ^ 4 tiw W L -c c > * . 
bfrbWh. ^^[y-^mmc^^xu, t*-rti©ai 

[0 03 6 ] iBt4*** J ffitturt»si*««c*$i* 
r. ? h%^f->P^M^^tc^-iz^i — ^4jM 

EA (Membrane Electrode Assembly) P5©ffifflrt». 

<t ic j: v mmftcD p h fimr b . 54? o^*Kft c 

<DMS^0^Sfi(i, 0. 0 0 5%^ix.O. 0 0 8% 

war* sa^ ±ie©ws^Ke«PMr s /c^cc« 

0. 0 0 5%WT«:fi«-r^^*S. 

SfitiO. 00 2%«Tr*0, «4>SI*LUiH*SS 

U^JM* t 0. 0 0 1%*i(t**), KttftiflSlMiJ: 

[0 0 3 7 ] P : ffl*(DPS«. 0. 0 2 5%WTr* 
^ C <h **d2S«r * S o il^OX r > U XffiffiWSW U ^ 
il/tt, 0. 0 2 6-0. 0 3 5%«Kr**. POT-oJ 

[ 0 0 3 8 ] V : jfl4i©VkJt. 0 . 2 %WTtCl^>^ 

s»«»4rasc r ur^^ttrii 



I 0 0 3 9 1 C u . X i : »CDC n . N i 2£. C 

fc, *si»ajR»«b fctc o . 2 %w net hsiMfth 
r&t©-c. ±R*0. 2%£-r&sM»**&. 

**a*U*#. 0. 2%WT<7)»mWt^^^OC 
u. Nitf*, 7^7 -f h«^f*>UXiK)^«ljB<l:ffi* 

[0 040]Cr, Mo:Cr, MottitK, fittkft 

*»»r s ±r<os*^7c* r * * . a? ws«sc * & 

ilSiMli&S^ SCrfb*&fc#l*»»iWt#ftT 20 
raffl^**). Crl-C'3 5 0 /o^x.^iiIt(Di 
£ttSlt£fe&. t/c, 10- 5%*«T?tt. ^©ftk<D 

[0 041] Mott, ^Btc^o^ws-s^TeRr. c 

£\ 6%£&AT^2t*;&4, S/^vffl3j?©£RRB{b 
■6«©*ffflHiB*Wlt"C* 0 . «©*fb<Z>ffl»ft>6£R 
*«llitt*©-C±IB*5%i'rS. fiffiWKMo^W 30 

L~c4), r^- F*5«fcctt/v- FWciffl#S*iTt>*Jlt 

[0 04 2 ] (Cr°/o+3Mo°/o) : -fe^U-^ffl^r 

&*>i o'cfrhm* 1 oo'c<o«*)i«:*ji»r^FttiBffc0 

S(Cr«+3Mo»)*M 2 - 4 3%<DBGBrtCC*S 

[0 04 3] %RO{fntKffi(C«»^«itkAa<OMiei)ll« 
ibrSSiWItfr^ftS r2 5*CK4sWSpH*«2. 6 

< iiuMJ-C**. ZOtctiXCtt. *8H9r0.2V vs. 
SCE LCtoVZT-Bh&Mttmifc&;!5.ftb 0 A/c m* 
*Mra*c<fc#asu*. 50 
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[0 04 4] Si : JB4HDS i SB. 0 . 3 Kfcl FCC* 

6«ca*oc»©tt. o. i %*js§ra£. 

[0 04 5 ]Mn : JltMnitt. 0. 4WF4TS 
©#a*U>. ftS. Mntt, S*©S£Mn$<Z>«fb 

*/cIH»7C***C»»N 1 '<7>*BHBc* 

ii/r»ffiwccasj!iitrfcj:c». *iM*£it# 
L r 1 » s ttffific fci » r fc£R©i8ffl#*>r jiff T 

0. 4 Si, JSHJOfcMiW* 
ry-FfcJ;^y - FIB^©1*»ct*tL"C<l> 
&^6rK»*Rt-2-r. a& u < i&. o . 1 %-%mx& 

& 0 0. 4 5«T<DMn-C*titf. HaoPSOJSBMti 
[ 0 0 4 6 ] C , N : m<P<DC . N«. «iaWtt*#© 

aw*>e», c«o. oi8%wt, nwo. ois%w 
rr. ^oc%+N%ifiro. 0 2 s^Ti-r^ci 

OWtt^ftOffiSittS. C, N««L<WIR-rSC<!: 

[0047]Ti:THJ, dZ»(Cj: 0 0 . 2%OT 
r\ IC% + N%) ll©6<&et±. 2 5/S«T©»fflfl 
■C^3#€>. T i FteJc^v- FMM 

N % ) ffl x 6 tSW± . 1 0 fgfcTFMft 4>S * t c * fl Sig 
tt*«*l66*lS»&CCtt. (C%+N%) m<D \ Offiffet 

»4*HiB-r^fc«)CCtt. 0. i««Ti-rsci**a 

S^RO»U«:j:*r^- F*i4:^"y- FWUlttSE* 
(bOBHttt*. 

[0 04 9] N b : N b», ^^(C^ 0«*3-&S?c* 
r, Ti4H«K«cpC. NiCMSSAfliC r^Ofc* 
t^^TcXr^^c Nbtt, 0. 3%WT*C, AoC% 
X6-C%X2 5 [rttto-fe. Nb(°/o)/C(°/o)-6- 
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2 5%] ©RBBrtrSWSlt*. «ffi3^^©*a«tt 
L fc N b a . Finnic iit JKfH 

[0 05 0] %±m5vM (REM) : *±S5c*«. S 



^2 000-2 942 5 6 
JO 

*>*i*. 

rfcJ:c*. Wilt*. ftPattJItt»»«c(i, 0. 1 l;XT<D 
Ca. Mg^B^Moit^^Jrt-, 

: o o 5 2 : 

immm ) n 1 ccs u fc 2 8 m>\ wmm v^vay 
mfrvmmuc. ®mm*ti>x&. mwo^tmop 
fc. 

[0 0 5 3 ] 

[an 
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[0 05 4] Ii|Sl/cWP«©'{>3^ h » t * 

m* r- 1 2 3 o 'cjc 3 mvm o tcm . 7* u x 

[0 0 5 5] 3 Omm. fl 1 00mm. 1 2 

0 m m 

0)15 7 Omm. (13 8 0mm. ^5 5 5 0 mm 



tt. JIS 22202 4 "'^-7t^Xilfc e 

50 tm<DmtA J r~)lzmiL. /Pc?6 2mmc7>X5:/ic 



(8) ^2 00 0-2 94 256 

13 14 
tt±tf fc. CCD* 7 y**»*-C I 2 0 0 8 C!Ctt».L . * Lfc, 

«MBaiL/ri5$4mniJC{±±l-/fctt. (Dilnltl. fijg [0 0 5 61 C<DSM«H18a:. ft¥»BS«Cl£crTffi© 

T'0J!!««7H«0»K^ H«t. Bt#4»O*S»ft«iffi**0. BWISffeWc. 

® * I ©No. 2 5<D^5iEMS 8 3 0'C 

® ^ ] £>no. 1 I - ) 5 . ) 6 - 2 3 Oftffiififi- • -9 0 0 £ C 

(2) ft 1 cono. 1-10 <D»*£§B« 9 3 0 e C 

©fll©ND.2 4. 2 9©»Sffl« 9 8 0'C 

© ftl©No.2 6. 2 7©».&§Hffi 1 0 80°C 

[0 05 7 ] :>:i*-c. S(*(bteao/c«i«iHfi*. £K no 3 + 3%hf, 4 o e c*-ci 5#IB©a*MJfeiM: 

*«C#6, $HBE«*fcCfc<,»»3 0. 3mmCC|±_htf *ffll»fe7 ^$M.»£fcC tec*. ifc*T?B» 

-Ctt 3 * fc. [0 06 1 ] «Sa*-C©«K ilt, t$ffi^(DKgf 

[0 05 8 ] C©teMES*Mtt*>&. TIBTrao-b^ *ffiC»rKfiUfc2 5 VtCtoliZ P H**2 . 6*C*S« 

[0 059] fcfc. tteW©No.2 7CCOC*Ttt, K1B *JK©«iagK*J;0jEWK:H^Sfc«), 0. 2VvsS 

50*a&o**JSL/c [0 06 2] ^i-^t-llWHJKISmifJtcX-fe/^u--* 

[0060] «iea«tffittSftJt : sifi«i»5c*jw « 2 cc^-ra otto 

JI£0. 3mm. 810mm, i^lOmm tc D 

■fe^U-*: [0 06 3 ] 

0 . 3 mm. $E 8 0 m m . M 8 0 mm [ft 2 ] 

SM8 : iK 3 0 . 8 m m . Llj i lIj i ONM 1 . 2 m m 



(9) ftffl 2 0 0 0 - 2 9 4 2 5 6 

15 16 



No 




re / l . i-fc* tiri titr Jti i HtL -k'l r-t> iL. i n 


IT7'I' Wfih'A I i- JbL r-f txfH VC 










■i i- L J.' > ~* I- T -tlTi Arr* 


JtH / r\ r <V-» \ — ^ <t- Jkrv 

©MS {25(C) rcoS/fffi 


ma 






0.2V vs.SCEH&ttS 














i - f a ^ ft m / 1 v / to mw*.rtv) 


/ a p. ii i i r* i t^J iv -r - -1 / -t * 

(HASS/i • JiS 4vA-77-<X 

(kRf-n/cur) 




1 




10 ~ 20 


<0.05 


> 15 




2 


,7 


20 - 30 


<0. 05 


> 15 




3 


;y 


10 - 20 


<0. 05 


> 15 




4 


u 


10 ~ 20 


<0.05 


> 15 




5 


u 


10 - 20 


<0. 05 


> 15 




6 


u 


10 — 20 


<0. 05 


> 15 




7 


)) 


<10 


<0. 05 


> 15 




8 


u 


<10 


<0. 05 


> 15 




9 


it 


<10 


<0. 05 


> 15 




10 


it 


10 - 20 


<0. 05 


> 15 




11 


it 


10 - 20 


<0. 05 


> 15 




12 


u 


<10 


<0. 05 


>15 




13 


u 


<10 


<0.05 


> 15 




14 


it 


<10 


<G. 05 


> 15 




15 




<10 


<0.05 


>15 




16 


ML 


50 - 70 


0.3 ~ 50 


2 




17 


>/ 


50 ~ 70 


0.3 — 0.5 


2 






it 


50 - 70 




6 




19 


{/ 


50 - 70 


0.3 - 0.5 


2 




20 


ft 


50 - 70 


0.3 - 0.8 


2 


tt 


21 




50 - 70 


0.3-0.5 


3 




22 


it 


50 - 70 


0.3-0.5 


3 




23 


u 


50 - 70 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To extremely reduce poisoning of respective electrode carrying 
catalysts by an eluting metallic ion by constituting a separator of S, P, V, Ni, Cu, Cr, Mo having 
the specific composition and ferrite stainless steel including a rare earth element. 
SOLUTION: Ferrite stainless steel for constituting a separator has the following composition. 
Respective component elements of S not more than 0.005%, P not more than 0.025%, V not 
more than 0.2%, Ni not more than 0.2%, Cu not more than 0.2%, Cr of 10.5 to 35%, Mo of 0 to 6% 
and a rare earth element of 0 to 0.1% are included in wt.%, and Cr+3Mo falls within a range of 
10.5 to 43%. The stainless steel can include Si not more than 0.3%, Mn not more than 0.4%, C 
and N not more than 0.018% respectively and C%+N%<0.025%. Ti not more than 0.2%, (6 to 25) x 
(C%+N%), Nb not more than 0.3% and (6 to 25) x C% can be included when necessary. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by cornputer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The solid-state macromolecule type fuel cell to which separator is characterized by 
the bird clapper from the ferritic stainless steel which has the following chemical composition in 
the solid-state macromolecule type fuel cell which fuel gas and oxidizer gas are supplied [ fuel 
cell ] to the layered product which separator was made to intervene between unit cells and 
carried out the laminating of two or more unit cells on top of which the solid-state 
polyelectrolyte film was carried out in the center, and the fuel electrode layer and the oxidizer 
electrode layer were laid, and generates a direct current power. 

With weight % S:0.005% or less P:0.025% or less V:0.2% or less Less than [ nickel:0.2% ] Less than 
[ Cu:0.2% ] Cr:1 0.5-35% Mo:0~6% Rare earth elements: Contain 0 - 0.1%, and (Cr+3Mo) be in 10.5 
- 43% of within the limits. [Claim 2] The solid-state macromolecule type fuel cell according to 
claim 1 to which the amount of Si is characterized by Si and Mn in a ferritic stainless steel being 
[ 0.3% or less and Mn ] 0.4% or less in weight %. 

[Claim 3] The solid-state macromolecule type fuel cell according to claim 1 or 2 whose sum total 
content of C:0.018% or less, N:0.018% or less, and C and N C in a ferritic stainless steel and the 
amount of N is 0.025% or less in weight %. 

[Claim 4] The claims 1-3 which the ferritic stainless steel contains one sort of Ti and Nb or two 
sorts, and Ti is 0.2% or less in weight %, and the range of 6 (C-% +N %)-25 (C-% +N %) and whose 
Nb are 0.3% or less, and are in 6C% - 25C% of within the limits are the solid-state macromolecule 
type fuel cells of a publication either. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the solid-state 
macromolecule type fuel cell used as small distributed power supplies, such as an object for 
automobile loading, and home use. 
[0002] 

[Description of the Prior Art] A fuel cell is a cell which generates a direct current power using 
hydrogen and oxygen, and has a solid oxide fuel cell, a fused carbonate fuel cell, a phosphoric 
acid fuel cell, a solid-state macromolecule type fuel cell, etc. The name of a fuel cell originates in 
the component of the "electrolyte" portion which makes the basis of a cell. 
[0003] Now, there are a phosphoric acid fuel cell and a fused carbonate fuel cell in the fuel cell 
which has reached the commercial stage. The operating temperature with a near fuel cell is [ in a 
solid oxide fuel cell / in 1000 degrees C and a fused carbonate fuel cell ] 80 degrees C at 650 
degrees C and a phosphoric acid fuel cell in 200 degrees C and a solid-state macromolecule type 
fuel cell. 

[0004] An operating temperature is as low as 80-degree-C order, deactivation is easy and, as for 
the solid oxide fuel cell, utilization is globally expected considering distributed power supplies for 
emergencies, such as a small place of business since energy efficiency can also expect about 
40%, and the central office, the home small distribution power supply which uses town gas as 
fuel, hydrogen gas, the methanol, or the gasoline as a power supply for low-pollution electric 
vehicle loading used as fuel. 

[0005] Although various kinds of above-mentioned fuel cells are called by the common name 
called "fuel cell", when considering each cell component, they need to completely regard as a 
different thing. The performance called for by sublimation of the existence of the corrosion of 
the component by the electrolyte used, the existence of the high temperature oxidation which it 
begins to actualize from near 380 degree C, and an electrolyte, the existence of a re-deposit and 
condensation, etc., especially an anti-corrosion performance are because it completely differs by 
each fuel cell. The material currently used is also actually various and it is as various as nickel 
clad plate from a graphite system material, a high alloy, and stainless steel. 
[0006] It is unthinkable to apply the material currently used for the phosphoric acid fuel cell 
commercialized and the fused carbonate fuel cell to the component of the quality type fuel cell 
of a solid-state macromolecule at all. 

[0007] Drawing 1 is drawing showing the structure of a solid-state macromolecule type fuel cell, 
drawing 1 (a) is the exploded view of a fuel cell cell (single cell), and drawing 1 (b) is the 
perspective diagram of the whole fuel cell. As shown in this drawing, a fuel cell 1 is the aggregate 
of a single cell, a single cell is shown in drawing 1 (a) — as — the 1 st page of the solid-state 
polyelectrolyte film 2 — the fuel electrode layer (anode) 3 — on the other hand — being alike — 
the laminating of the oxidizer electrode layer (cathode) 4 is carried out, and it has structure 
which Separator 5a and 5b put on the both sides 

[0008] As a typical solid-state polyelectrolyte film 2, there is a fluorine system ion-exchange- 
resin film which has a hydrogen ion (proton) exchange group. 



■ " / / ...>i ;~/^m_h; n /tr*n wpb cei eiie 2003/07/28 



[0009] The catalyst bed which consists of a fluororesin which has a hydrogen ion exchange 
group a particle-like platinum catalyst, graphite powder, and if needed is prepared in the fuel 
electrode layer 3 and the oxidizer electrode layer 4, and fuel gas or a oxidizing gas is contacted. 
[0010] Passage 6a to fuel gas (hydrogen or hydrogen content gas) A prepared in separator 5a is 
passed, and hydrogen is supplied to the fuel electrode layer 3. Moreover, from passage 6b 
prepared in separator 5b, oxidizing gas B like air is passed and oxygen is supplied. 
Electrochemical reaction arises by supply of these gas, and a direct current power occurs. 
[001 1] anode side : H2 -> 2H++2e cathode side : (1/2) 02+2H+ — the function for which 2e~> 
H20 solid-state macromolecule type fuel cell separator is asked (1) The function as "passage" 
which supplies fuel gas to the homogeneity within a field by the fuel-electrode side, (2) The 
function as "passage" to make the water generated by the cathode side discharge out of a 
system efficiently with carrier gas, such as air after a reaction, and oxygen, from a fuel cell, (3) 
(4) 4 [ the function as electric" connector / between the single cells which maintain low electric 
resistance and right conductivity as an electrode over a long time /", and ] It is a function as a 
"septum" with the cathode room of the cell which adjoins the anode room of one cell in an 
adjacent cell etc. 

[0012] Although application of a carbon plate has been wholeheartedly considered as a separator 
material until now, there is a problem of "being easy to be divided" into a carbon plate, and there 
is a problem to which the machining cost for the machining cost for making a front face flat 
further and gas-passageway formation becomes very high. Each is a fatal problem and there is a 
situation that the commercialization of a fuel cell itself may be made difficult. 
[0013] also in carbon, a thermal-expansion nature graphite workpiece is boiled markedly, and 
since it is cheap, it attracts attention most as a material for solid-state macromolecule type fuel 
cell separator However, in order to reduce gas permeability and to give the function as the 
aforementioned septum, you have to carry out resin sinking in and baking which attain to 
"multiple times." Moreover, the present condition is that there are many technical problems 
which should also be solved from now on [, such as machining cost for flatness reservation and 
slot formation, ], and they have come to be put in practical use. 

[0014] As movement which stands face to face against examination of application of such a 
graphite system material, the attempt which applies stainless steel to separator is started for the 
purpose of cost reduction. 

[0015] It becomes JP,1 0-22891 4,A from a metal member, and the separator for fuel cells which 
gave direct gilding to the contact surface with the electrode of a unit cell is indicated. As a metal 
member, stainless steel, aluminum, and nickel-iron alloy is mentioned, and SUS304 is used as 
stainless steel. In this invention, since gilding is given, the contact resistance of separator and an 
electrode falls and the flow of the electron to an electrode becomes good from separator, it is 
supposed that the output voltage of a fuel cell becomes separator large. 
[0016] The solid-state polyelectrolyte type fuel cell for which the separator with which the 
passive-state film formed in a front face becomes JP,8-180883,A from the metallic material 
easily generated by the atmosphere is used is indicated. Stainless steel and the titanium alloy 
are mentioned as a metallic material. In the front face of the metal used for separator in this 
invention, the degree by which the water which the passive-state film surely existed, became 
[ the metaled front face ] is hard to be invaded chemically, and was generated in the fuel cell cell 
is ionized is reduced, and it is supposed that the fall which is the degree of electrochemical 
reaction of a fuel cell cell will be suppressed. Moreover, it is supposed by removing non-****** 
of a portion in contact with the electrode layer of separator etc., and forming a noble-metals 
layer that electric contact resistance will become small. 

[0017] However, even if it uses for separator a metallic material like the stainless steel which 
equipped with the passive-state film the front face currently indicated by the above-mentioned 
open official report as it is, corrosion resistance is not enough, metaled elution takes place, and a 
support catalyst performance deteriorates by the elution metal ion (it is hereafter described as 
poisoning of a support catalyst). Moreover, the present condition is that noble-metals plating, 
such as gilding which ignored cost to the separator which consists of a metallic material by 
corrosion product like Cr-OH and Fe-OH which are generated after elution since there was a 
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problem that the contact resistance of separator increased, is performed. 

[0018] The actual result of having applied does not pass over the application to the separator of 
an old metallic material for it to be, but is in a situation far from utilization. 

[0019] if the development of the stainless steel which was excellent in corrosion resistance while 
it was "pure", being able to apply and excelling in the electrical conductivity in cell environment 
which does not perform expensive surface treatment as separator is made, the manufacturing 
cost of a fuel cell is markedly alike, and falls, and commercialization of a solid-state 
macromolecule type fuel cell and use expansion can be expected 
[0020] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is to offer the 
solid oxide fuel cell equipped with the separator of stainless steel with few [ it is not necessary 
to perform expensive surface treatment, and there is very little poisoning of each electrode 
support catalyst by the elution metal ion, and ] increases in the contact resistance by the 
increase in the contact electricity resistance with the electrode by the corrosion product, and 
strengthening of a passive-state coat. 
[0021] 

[Means for Solving the Problem] The summary of this invention is as follows. 
[0022] (1) The solid-state macromolecule type fuel cell to which separator is characterized by 
the bird clapper from the ferritic stainless steel which has the following chemical composition in 
the solid-state macromolecule type fuel cell which fuel gas and oxidizer gas are supplied [ fuel 
cell ] to the layered product which separator was made to intervene between unit cells and 
carried out the laminating of two or more unit cells on top of which the solid-state 
polyelectrolyte film was carried out in the center, and the fuel electrode layer and the oxidizer 
electrode layer were laid, and generates a direct current power. 
[0023] 

By weight % S:0.005% or less, P:0.025% or less, V:0.2% or less, nickel: Less than [ 0.2% ], Cu: Less 
than [ 0.2% ], Cr: 10.5-35%, Mo: 0-6%, Rare earth elements: The solid-state macromolecule type 
fuel cell of the above-mentioned (1) publication 0.3% or less and whose Mn the amount of Si is 
0.4% or less in weight % for Si and Mn in (2) ferritic stainless steels which contain 0 - 0.1%, and 
(Cr+3Mo) are in 10.5 - 43% of within the limits. 

[0024] (3) A solid-state macromolecule type fuel cell the above (1 ) whose sum total content of 
C:0.018% or less, N:0.018% or less, and C and N C in a ferritic stainless steel and the amount of N 
is 0.025% or less in weight %, or given in (2). 

[0025] (4) (3) is the solid-state macromolecule type fuel cell of a publication either from the 
above (1) which the ferritic stainless steel contains one sort of Ti and Nb, or two sorts, and Ti is 
0.2% or less in weight %, and the range of 6 (C-% +N %)-25 (C-% +N %) and whose Nb are 0.3% or 
less, and is in 6C% - 25C% of within the limits. 

[0026] In addition, separator has four functions mentioned above. Namely, the function as 
"passage" which supplies fuel gas to the homogeneity within a field by a fuel-electrode side, b) 
The function as "passage" to make the water generated by the cathode side discharge out of a 
system efficiently with carrier gas, such as air after a reaction, and oxygen, from a fuel cell, c) It 
has a function as electric" connector" between the single cells which maintain low electric 
resistance and right conductivity as an electrode over a long time, and a function as a "septum" 
with the cathode room of the cell which adjoins the anode room of one cell in a cell d Adjacent. 
These functions may be made into the structure which carries out a functional assignment on 
two or more plates. The separator as used in the field of this invention says as separator the 
plate which has at least one of the four above-mentioned functions. 

[0027] In order that this invention persons might develop the solid-state macromolecule type 
fuel cell equipped with the separator which consists of stainless steel, in the environment where 
separator is placed, for the purpose of reducing the metal ion eluted from a stainless steel front 
face as much as possible, they used the single cell and examined many things. Consequently, in 
the environment (it is only hereafter described as separator environment) of 1-3, pH on which a 
separator is placed [ which acquires the following knowledge and came to complete this 
invention ] has inadequate corrosion resistance, and an austenitic stainless steel's is [ metaled 
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elution ] remarkably unsuitable to separator. 

[0028] b) Although a ferritic stainless steel demonstrates good corrosion resistance in a 
separator environment, in a general ferritic stainless steel, elution of the metal of the grade 
which affects a cell performance arises. 

[0029] c) If a metal is eluted, since a corrosion product (hydroxide which makes Fe a subject) 
generates, and it will bring about increase of the contact electricity resistance and will have a 
remarkable bad influence on a support catalyst performance, the cell performance represented 
by electromotive force deteriorates for a short time. Moreover, it has a bad influence also on the 
cation conductivity of a fluorine system ion-exchange-resin film which has a hydrogen ion 
(proton) exchange group. 

[0030] d) In order to prevent metaled elution, while reducing simultaneously the content of S, P, 
V, nickel, and Cu among the impurities in a ferritic stainless steel, you have to strengthen a 
passive-state coat. 

[0031] e) If passive-state coating thickness is thickened even if it strengthens a passive-state 
coat, the contact electricity resistance will increase and cell efficiency will fall remarkably. 
[0032] f) In order to strengthen and to suppress metaled elution in a separator environment, 
without thickening a passive-state coat, it is necessary to make it, as for the content of Cr and 
Mo, (Cr%+3xMo%) become 12-43% of within the limits. 

[0033] g) Although corrosion resistance is secured by adding Mo positively, the influence to the 
performance of the catalyst currently supported by an anode and the cathode section though Mo 
is eluted is comparatively slight. 
[0034] 

[Embodiments of the Invention] The reason for having specified the chemical composition of the 
separator which consists of a ferritic stainless steel with which the solid-state macromolecule 
type fuel cell of this invention is equipped hereafter is explained in detail. In addition, % display of 
the following component shows weight %. 

[0035] S: The amount of S in steel needs to consider as 0.005% or less. In S, according to the 
amount of S in a coexistence-among steel element, and steel, most deposits as a compound 
nonmetallic inclusion with Mn system sulfide, Cr system sulfide, Fe system sulfide, Ti system 
sulfides, these compound sulfides, and an oxide. However, in separator environment, any 
nonmetallic inclusion of composition acts as an origin of the corrosion of a certain thing, and that 
of the difference of a grade is detrimental to maintenance of passivation, and metaled corrosion 
elution suppression. 

[0036] Moreover, in the situation that the fuel cell is operating, although the inside of the crevice 
between the separator which consists of a ferritic stainless steel, and MEA (Membrane Electrode 
Assembly) serves as the situation of pH in a crevice falling and being easy to cause microcell 
corrosion when a cell reaction and/or oxygen density difference cell corrosion take place, a 
sulfide system nonmetallic inclusion does the big influence as the corrosion origin in that case, 
and an acceleration factor. Although the amount of S in steel of the usual mass-production steel 
exceeds 0.005% and is just over or below 0.008%, in order to prevent the detrimental influence of 
the above, it is necessary to reduce it to 0.005% or less. The desirable amount of S in steel is 
0.002% or less, and the most desirable amount level of S in steel is less than 0.001%, and as it is 
low, it is better. 

[0037] P: The amount of P in steel needs to be 0.025% or less. The usual stainless steel business 
steel content level is about 0.026 - 0.035%. P is an unescapable impurity, is located in a line with 
S, and does the influence of ** in ** to poisoning of an anode and a cathode catalyst bed — 
detrimental — it is base It is so desirable that it is low. 

[0038] V: V in steel carries out and is required for 0.2% or less. Generally, V is contained as an 
impurity all over the source of Cr which is an indispensable dissolution raw material at the time 
of ingoting stainless steel, and a certain amount of mixing is unescapable. However, eluted V 
does a bad influence not a little to the performance of the catalyst currently supported by an 
anode and the cathode section. The upper shell of cell property maintenance and a permissible 
upper limit are 0.2%, and as they are low, they are better. 

[0039] Cu, nickel: Both sides all need to make Cu in steel, and nickel 0.2% or less. Even if it is 
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generally the minute amounts Cu and nickel about an impurity, it has the effect of improving the 
corrosion resistance of the stainless steel in the low pH environment However, in a separator 
environment since influence is done to poisoning of an anode and a cathode catalyst bed even if 
it is Cu of the minute amount in a passive-state maintenance state, and nickel ion elution, it is 
necessary to make an upper limit into 0.2%. Also including mixing from a scrap, although Cu in 
steel and the amount of nickel have the lower desirable one, Cu of 0.2% or less of ultralow- 
volume impurity level and nickel raise the passivation ability of a ferritic stainless steel, and an 
upper limit is made into 0.2%, in order to also have the operation which suppresses metal elution 
in the passivation state and to improve a cell performance as a result 

[0040] Both Cr, Mo.Cr, and Mo are basic alloy elements when securing corrosion resistance, so 
that a content is high — high — although it becomes anti-corrosion, there is an inclination to 
follow on forming high Cr and for ordinary temperature toughness to fall, and if it exceeds 35% in 
the amount of CKs), the production by mass production will become difficult Moreover, at less 
than 10.5%, even if it changes other elements, corrosion resistance reservation required as 
separator becomes difficult 

[0041] Mo is the element made to contain as occasion demands, is little compared with Cr and 
effective in improving corrosion resistance. The effect of Mo becomes less clear at less than 
0.5%. If it is made to contain exceeding 6% when making it contain, deposit evasion of the 
intermetallic compound of sigma equality is difficult, and since production becomes difficult from 
the problem of the embrittlement of steel, an upper limit will be made into 5%. Corrosion 
resistance is secured by carrying out Mo content positively. The influence to the performance of 
the catalyst currently supported by an anode and the cathode section though Mo is eluted is 
comparatively slight, and its bad influence is small also to the cation conductivity of a fluorine 
system ion-exchange-resin film which has a hydrogen ion (proton) exchange group. 
[0042] : (Cr%+3Mo%) As stainless steel for separator, it is in the state of passivation in 70 to 100 
degrees C [ that is the operation temperature of a solid-state macromolecule type fuel cell / at 
most ] environment, and it is required at the time of ** for the contact electricity resistance to 
be low also-like. It is necessary to suppress an increase and corrosion-product generation in the 
practical range in passive-state coat thickness, as a requirement for that — the content of Cr 
and Mo — a corrosion index — it is (Cr%+3Mo%) — it is required to be in 12 - 43% of within the 
limits 

[0043] The thing which are judged to be appropriate as simulation environment inside the cell in 
an actual operating state and which is being done for passivation by "pH in 25 degrees C is 
among 80 degrees C of sulfuric-acid solution of 2.6" is required at least. For that purpose, it is 
0.2V vs.S C E in this environment It is desirable for the passive-state maintenance current 
density which can be set to be less than two 50microA/cm. 

[0044] Si: As for the amount of Si in steel, it is desirable to make it to 0.3% or less. Si is an 
effective deoxidation element like aluminum in mass-production steel. However, in order that 
eluted Si may do influence not a little to poisoning of an anode and a cathode catalyst bed, since 
it is clearly detrimental, the upper shell of cell property maintenance may be 0.3% or less. 
Although production just over or below 0.25% is the most desirable from a viewpoint of mass- 
production cost reduction, it is desirable that it is less than 0.2% in separator environment Less 
than 0.1% is still more desirable. 

[0045] Mn: As for the amount of Mn in steel, considering as 0.4% or less is desirable. Usually, Mn 
has the operation which fixes S in steel as a sulfide of Mn system, and is effective in improving 
hot-working nature. Moreover, you may add positively as a deoxidation element or a nickel 
balance adjustment element. However, although metaled elution advances every only also in the 
state where the passive state is maintained, if it becomes an amount exceeding 0.4%, eluted Mn 
ion will do influence not a little to poisoning of an anode and a cathode catalyst bed. Desirably, it 
is less than 0.1%. If it is 0.45 or less Mn, it can manufacture without also generating problems, 
such as hot tearing in the case of mass production. A manufacturing-cost rise hardly poses a 
problem, either. 

[0046] C, N: As for C in steel, and N, it is desirable for 0.018% or less and N to be 0.018% or less, 
and for C to make them 0.025% or less with a value +N% C% from the purpose of an ordinary 
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temperature toughness improvement C and N are permeated type elements and cause the base 
material toughness of a high grade ferritic stainless steel, the corrosion resistance of a weld 
zone, and toughness degradation. Restricting severely becomes the cure against ordinary 
temperature toughness which poses a problem by the manufacturing process of the hot-rolling 
coil of a high grade ferritic stainless steel, and C and N can avoid elevation of a manufacturing 
cost. As C in steel and N are made super-low, since it improves, if ordinary temperature 
toughness is low, it is as better as a low. 

[0047] Ti:Ti is 0.2% or less and is made to contain as occasion demands in the 6 or more times of 
a value (C-% +N %), and 25 or less times amount of ranges. Since Ti exerts poisoning on an 
anode and a cathode catalyst bed, although it is originally the element which should be reduced, 
the minimum amount content is carried out as occasion demands from the viewpoint of the 
manufacturability reservation by mass production, and processability reservation of sheet metal. 
[0048] When weldability is not required, more than value (C-% +N %) x6 time and 10 or less times 
are the most desirable. When weldability is called for, 10 or more times of a value (C-% +N %) and 
16 or less times are the most desirable. In order to avoid board surface crack generating of an 
inclusion reason, considering as 0.1% or less is desirable. If it is made to contain more than 
required, it will become the cause of the anode by elution of the metal in a passive-state 
maintenance state, and cathode catalyst performance degradation. 

[0049] Nb:Nb is the element made to contain as occasion demands, and is an alloy element with 
bonding strength stronger than Cr with the inside C and N of steel like Ti. Nb — 0.3 — % — less 
than — it is — and — C — % — x — six - C — % — x — 25 — [— namely, — Nb — (— % — ) 
— / — C — ( — % — ) — = — six - 25 — % — ] — within the limits — containing — making . It 
is very effective for a toughness improvement including the ordinary temperature toughness of a 
hot-rolling coil. However, since Nb eluted with corrosion has the evil which deposits on a 
corrosion side as a corrosion product, and raises the contact electricity resistance, Nb content 
only from a viewpoint of a base material performance has a desirable method of a low. However, 
when it is judged that reservation of the performance of a weld zone, and Nb and Ti are made to 
contain simultaneously, and it is necessary to improve the processability of a cold-rolled-sheet- 
steel material, the required minimum amount addition is carried out. 
[0050] Rare earth elements (rapid eye movement): In a molten steel stage, since bonding 
strength of rare earth elements with S is very strong, they have the effect which makes S 
harmless. Therefore, you may add in a form like a misch metal as occasion demands. As for a 
content, an effect is enough acquired at 0.1% or less. 

[0051] You may make elements other than the above-mentioned element contain as occasion 
demands. For example, it is good for a hot-working nature improvement to make 0.1 or less 
calcium, Mg, and B contain. 
[0052] 

[Example] The ferritic stainless steel of 28 sorts of chemical compositions shown in Table 1 was 
dissolved by 150kg vacuum melting furnace of a high-frequency-induction-heating method. As a 
dissolution raw material, the raw material with few commercial impurities was selected carefully 
and used, and the impure amount of resources in steel was adjusted. 
[0053] 
[Table 1] 
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[0054] After heating in the atmosphere the ingot of a round shape [ cross section / which 
carried out ingot making ] at 1230 degrees C for 3 hours, hot forging of it was carried out with 
the press method forging machine, and it made the slab for an examination of the two following 
sorts of sizes to each ingot. 

[0055] ** The slab of the thickness of 30mm, width of face of 100mm, the length [ of 120mm ] 
** thickness of 70mm, width of face of 380mm, and length [ of 550mm ] ** was hot-rolled, was 
used as the hot rolled sheet steel with a thickness of 6mm, and was annealed on the heat 
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insulator winding conditions which subsequently simulated the temperature history immediately 
after the hot-rolling end by mass production. In order to investigate the hot-rolling coil 
toughness in ordinary temperature, the Charpy impact test was presented. The test piece was 
made into JIS Z2202 No. 4 half size. 

** Slab carried out cutting of the slab front face with machining, removed the surface scale, and 
made slab with a thickness of 62mm to it. After heating and hot-rolling this slab at 1 200 degrees 
C in the atmosphere and making 4mm in thickness, it cooled slowly like ** on the heat insulator 
winding conditions which simulated the temperature history immediately after the hot-rolling end 
by mass production. 

[0056] According to the chemical composition, forced-air cooling of the solution treatment for 
maintenance 4 minutes was performed and carried out to this hot rolled sheet steel at the 
following temperature. 

** The hot rolled sheet steel of No.25 of Table 1 830 degrees C ** No.1 1-15 of Table 1, 

hot rolled sheet steel of 16-23 .... The hot rolled sheet steel of No.1-10 of the 900 degree-C ** 

table 1 No. of the 930-degree-C ** table 1 — hot rolled sheet steel of 24 and 29 No. 

of the 980 degree-C ** table 1 — hot rolled sheet steel of 26 and 27 recrystallization 

advanced and 1080 degree-C each temperature was made into the temperature to which an 
intermetallic compound dissolves In-furnace time was about 20 minutes. 
[0057] Subsequently, inserting intermediate annealing on the way using a multi-stage formula 
ZENJIMA forming-roll rolling mill, it cold-rolled and 0.3mm in thickness was made to the hot 
rolled sheet steel which carried out solution treatment. Performing the last finishing annealing in 
the bright-annealing furnace of hydrogen atmosphere whose dew-point is -50 degrees C or less, 
temperature presupposed that it is the same as the annealing temperature of a hot rolling 
material. The holding time was 1 minute and was about 3 minutes at in-furnace time. 
[0058] The separator for the charge to the test piece for evaluating the passive-state coat in 
the separator simulation environment of the following size and an actual solid-state 
macromolecule type fuel cell from this cold rolling annealed material was manufactured by press 
forming. 

[0059] In addition, about No.27 of the example of comparison, 5 micrometer thickness of one side 
was plated with gold after producing the test piece for simulation environment, and separator. 
[0060] The test piece for simulation environment : 0.3mm in the thickness of 0.3mm, width of 
face of 10mm, length 10mm separatorthickness 80mm long, 80mm gas passageway wide : Shot 
polish finishing of these front faces is mechanically carried out using the SiC abrasive grain for 
shot processing the interval of 1 .2mm (corrugated processing) of a height of 0.8mm, a mountain, 
and a mountain. Ultrasonic cleaning for 15 minutes is performed in 5%HN03+3%HF and 40 
degrees C. Furthermore, each examination was presented, after having performed alkali spraying 
degreasing processing in which sodium-hydroxide solution was used 6%, and the stream's having 
performed distilled water soak cleaning 3 times in the batch type tank after simple rinsing, 
performing distilled water spraying washing for 4 minutes further and carrying out cold blast 
Dreier dryness just before an examination. 

[0061] While carrying out the temperature up of the sulfuric-acid solution whose pH in 25 
degrees C adjusted using the sulfuric acid of reagent chemicals as an examination in simulation 
environment is 2.6 to 80 degrees C, immersing a test piece into the solution for 6 hours and 
evaluating the existence of passivation from color change of a corrosion weight loss, hydrogen 
gassing from a material front face, and a testing liquid, in order to investigate a metaled elution 
grade to accuracy more, it is 0.2Vvs S C E. The passive-state holding current density which can 
be set was measured. 

[0062] The Charpy-impact-test result and the test result in separator simulation environment 
were as being shown in Table 2. 
[0063] 
[Table 2] 
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[0064] In the example of this invention, it is in a passivation state in the sulfuric-acid solution 
whose pH in 25 degrees C which carried out the temperature up to 80 degrees C is 2.6, and the 
"passive-state holding current density" which shows the grade of elution has become two or 
less 20microA/cm so that clearly from Table 2. 

[0065] In case stainless steel is applied as separator for solid-state macromolecule type fuel 
cells, passive-state holding current density cannot be overemphasized by that considering as the 
lowest possible level is desirable. It is important for it to be stabilized and to take a low value, 
less than two 10microA/cm is the most desirable, and it is desirable that it is subsequently 10- 
20microA/cm2. 

[0066] The passive-state current density of the example of comparison shows that it is 30- 
80microA/cm2, and it is in the state where comparatively big elution has taken place from 
separator although it can say that it is suppressed. 

[0067] This invention persons are a relation with the performance characteristic in a system 
single cell cell to passive-state holding current density >50microA/cm2 as criteria which judge 
the application propriety as a separator material for fuel cells. It was judged that a performance 
was inadequate then. Passive-state holding current density sets into two or less 50microA/cm 
material. A **** cell evaluation examination did not come to check the-like performance 
degradation at the time of ** of the grade which poses a problem, either, and is judged to be 
very suitable as quick simulation environment-assessment conditions. Also in this result, in the 
case of the example of invention, it is the same level as the gilding material (sample offering steel 
27) which is one of the most desirable metal materials in solid-state macromolecule type fuel cell 
environment, and it was judged that it sees relatively and can secure a good performance. 
[0068] Next, as characterization in the state where the interior of an actual solid-state 
macromolecule type single cell cell was loaded as separator, after passing fuel gas in the cell, the 
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voltage of a single cell cell was measured after 1-hour progress, and the decreasing rate of 
voltage was investigated by comparing with early voltage. In addition, it asked for the decreasing 
rate by 1- (voltage V / initial voltage v after 1-hour progress). 

[0069] The marketing cell cell FC50 made from U.S. Electrochem was converted and used for the 
solid-state macromolecule type fuel single cell cell used for evaluation. 
[0070] As cathode pole side gas, air was used 99.9999%, using hydrogen gas as gas for anode 
pole side fuel. Based on the exhaust gas moisture density measurement by the side of cell 
appearance, the main part of a cell is an entering side, and adjusted the humidity control inside a 
cell while it kept the whole warm at 78**2 degrees C. The pressure inside a cell is one 
atmospheric pressure. Hydrogen gas and the introductory gas pressure to the cell of air were 
adjusted by 0.04-0.20bar. The cell performance evaluation measured-like [ state / where 500 
mA/cm2-Q.62V have been checked on single cell voltage ] at the time of **. 
[0071] As a system for single cell performance measurements, it is 890 made from U.S. scree 
BUNA. The fuel cell instrumentation system based on series was converted and used. Although it 
is expected according to cell operational status that a property has change, it is the comparative 
evaluation in the same conditions. 
[0072] The result was shown in Table 2. 

[0073] In the example of this invention, all the rates of sag are 0.05 or less, and became No.27 
are expensive and equivalent to the separator which high corrosion resistance plated with gold 
so that clearly from Table 2. Moreover, in the example of comparison which separated from the 
chemical composition specified by this invention, the rate of sag was very as large as 0.3-0.8. 
[0074] The prolonged examination was carried out with some test pieces, and the short-time- 
test result which evaluation ******** showed in Table 2, and the approximated correlative result 
were obtained. 

[0075] Generally the toughness in the ordinary temperature of stainless steel is inferior in the 
ferritic stainless steel compared with the austenitic stainless steel, however, when C and N 
contents are a series of low examples of this invention compared with the case where C in steel 
and N content are the high examples of comparison so that clearly from the Charpy-test result 
of Table 2, it has the toughness which was markedly alike and was excellent Generally, since it 
will be seemingly improved if board thickness becomes thin, if ordinary temperature toughness is 
the level in the case of being this invention, it will completely be satisfactory practically. That is, 
it can be said that the ordinary temperature toughness of the hot-rolling coil which poses a 
problem at the time of high grade ferritic-stainless-steel manufacture is good. Generally, since it 
will be seemingly improved if board thickness becomes thin, if ordinary temperature toughness is 
the level of the steel of this invention, it will completely be satisfactory [ toughness ] practically. 
[0076] 

[Effect of the Invention] Since separator does not need to consist of a ferritic stainless steel 
and the solid-state macromolecule type fuel cell of this invention does not need to give 
expensive gilding, it can do manufacture cheaply. 



[Translation done.] 
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